between numbers of ants and herbivorous insects other than aphids on the 10 aphid-exposed plants, but no significant correlation was detected on the 11 aphid-free plants. Thus, the aphid presence was likely to decrease the 12 abundance of co-occurring herbivorous insects through removal behavior of 13 the aphid-tending ants. There were no significant differences in plant traits 14 between the aphid-exposed and aphid-free plants. 
Introduction exclusively on terminal shoots of S. altissima. It was also introduced from North 1 America in the early 1990s (Ôtake, 1999) , and more recently it has become very 2 common in Japan. This aphid emerges from overwintered eggs in early March, and 3 disappears by early August. It commonly occurs on S. altissima in North America, and 4 at least seven predators and two parasitoids have been recorded to attack this species 5 (Moran 1986). In contrast, this aphid is almost free from natural enemies in Japan 6 (Ôtake, 1999). Although we observed two ladybirds, Coccinella septempunctata and Harmonia axyridis, and a crab spider, Misumenops tricuspidatus, preying on the aphid, Aphid-exposed and aphid-free treatments were alternately arranged, and plants of the 24 aphid-exposed treatment were allowed to undergo natural colonization by aphids. We 25 checked all plants every day from mid-May to August, and removed aphids from the 26 Ando et al. 8 aphid-free plants with forceps when they were found. To confirm whether aphid 1 colonization occurred in the aphid-exposed treatment, we counted aphids weekly 2 throughout the season. We used 40 potted plants for an arthropod community census 3 and the other 40 plants for an experiment to examine the effects of aphids on host plant 4 traits. In both experiments, 20 plants each were assigned to the aphid-free treatment, and 5 the remaining 20 plants to the aphid-exposed treatment.
7
Effects of aphid colonization on herbivore and predator communities 8
To examine how the aphid affected herbivore and predator communities in the 9 common garden, we conducted censuses three times a week from mid-May to late
10
October 2001. The number of species and abundance of each arthropod species were 11 recorded in the aphid-free and aphid-exposed plants. As the aphid colonization occurs 12 from mid-May to early August and none of the herbivorous insect species except one 13 found in the aphid-present season appeared in the aphid-absent season (see Appendix 1),
14
we analyzed the aphid effects separately in "early season" (aphid-present season, i.e., 15 mid-May to August) and "late season" (aphid-absent season, i.e., September to late 16 October). The census data for each arthropod species were averaged for the early and 17 late season, respectively, and then we calculated the overall abundance and species 18 richness of the herbivore and predator communities on each plant. The Wilcoxon signed 19 rank test was used to compare these community properties between the aphid-free and 20 aphid-exposed plants. Also, we compared the abundance of each feeding guild of 21 herbivorous insects and predator taxa between the aphid-free and aphid-exposed plants.
22
Herbivorous insects found on each plant were classified into two feeding guilds, namely, 23 leaf chewers (caterpillars, grasshoppers, chrysomelid beetles, and scarab beetles) and 24 sap feeders (aphids, leafhoppers, stinkbugs, scales, and spittlebugs). We excluded leaf 25 miners from this analysis, because it was difficult to determine whether individual leaf 26 miners were alive. Predators were categorized in terms of taxa: spiders, ants, and others 1 (Cantharidae, Coccinellidae, and Reduviidae, Appendix 2). The Wilcoxon signed rank 2 test was used to compare overall abundances of herbivore feeding guilds and predator 3 taxa on the aphid-free and aphid-exposed plants. To examine the numerical relationships 4 among aphids, ants, and co-occurring herbivores, we calculated Pearson's correlation 5 coefficients between numbers of aphids and ants, between numbers of ants and leaf 6 chewers, and between numbers of ants and sap feeders. To examine whether arthropod communities differed between the treatments, decreases as the rank-order agreement between distances and dissimilarities improves, 24 was calculated as described by Kruskal (1964) . When stress values are ≤ 0.1, the NMDS 25 plot is considered to be an acceptable representation (Clarke, 1993) . The relationships 26 among samples were represented in a plot of the first two dimensions of the NMDS 1 solution. Then, differences in community compositions of predators and herbivores 2 between the aphid-exposed and aphid-free plants were determined by the R value in an 3 analysis of similarity (ANOSIM; Clarke, 1993) . This analysis uses non-parametric 4 permutation/randomization methods with a dissimilarity matrix (Clarke, 1993) . In 5 addition, we used similarity percentages (SIMPER) to identify which arthropod species 6 primarily accounted for the differences in herbivore and predator communities between 7 the two plants. SIMPER is used to examine the contribution of each species or group to 8 the average Bray-Curtis dissimilarity between samples (Clarke, 1993). We conducted 9 NMDS, ANOSIM, and SIMPER analysis using the software program PRIMER-5 10 version 5.2.9 (Plymouth Marine Laboratory, Plymouth, UK). 
17
To examine how plant traits differed between treatments in the common 18 garden in the early and late seasons, we prepared aphid-exposed plants (n = 20) and 19 aphid-free plants (n=20) in the common garden, as described in the experimental design 20 above. After the number of newly emerged lateral shoots and leaves were counted, ten 21 leaves were randomly taken from ten each of aphid-exposed plants and aphid-free plants shoots and leaves of the remaining ten each of aphid-exposed plants and aphid-free 25 plants were counted, and then ten leaves were randomly collected from each plant to 26 measure foliar nitrogen and water contents. Individual leaves were weighed in the 1 laboratory and oven-dried at 60°C for 48 h to calculate water content. After the dried 2 leaves were powdered, nitrogen content was measured using an elemental analyzer 3 (Macro Corder JM1000CN, J-Science, Kyoto, Japan). The Wilcoxon signed rank test 4 was used to compare these traits between the aphid-exposed and aphid-free plants.
6

Results
7
Effects of aphids on overall density and species richness 8 We recorded a total of 1701 individuals in 29 species as herbivores (Appendix 1) and a 9 total of 1379 individuals in 62 species as predators (Appendix 2). All of the 10 aphid-exposed plants were colonized by aphids throughout the early season (Mean of 11 aphid abundance ± SE; 9.01 ± 0.39). We found no aphids on the aphid-free plants early season showed a tendency to be lower on the aphid-exposed plants than on the 17 aphid-free plants, the difference was not statistically significant (Z = 3.12, P = 0.07 for 18 early season; Z = 1.65, P = 0.13 for late season). Of 29 herbivorous insect species, 86% 19 were found on both the aphid-exposed and aphid-free plants (Appendix 1). Overall 20 predator density on the aphid-exposed plants was significantly higher in the early 21 season (Z = 52.36, P < 0.001) but was lower in the late season (Z = 47.78, P < 0.001)
22
than that on the aphid-free plants. Also, there were marginally significant differences in 23 species richness in both seasons (Z = 3.11, P = 0.06 for early season; Z = 3.28, P = 0.06 24 for late season, Fig. 1 ). Predator species richness on the aphid-exposed plants in both 25 seasons tended to be lower than that on the aphid-free plants. Of 62 predator species, 1 90% were found on both the aphid-exposed and aphid-free plants (Appendix 2). respectively. Regarding the overall ant abundance on the aphid-exposed and 24 aphid-free plants, the ant constituted 98% and 74% in the early season, and 91% and 25 93% in the late season, respectively. These results suggest that the differences 26 between arthropod communities with and without aphids were due to the differences 1 in relative abundances of the dominant herbivore species and ants. In the early season, the densities of leaf chewers and sap feeders were 5 significantly lower on the aphid-exposed plants than on the aphid-free plants (Wilcoxon 6 signed rank test: Z = 24.37, P < 0.001 for leaf chewers; Z = 38.66, P < 0.001 for sap 7 feeders, Fig. 3 ). In the late season, there was significantly higher density of leaf chewers 8 but lower density of sap feeders on the aphid-exposed plants than on the aphid-free 9 plants (Z = 32.12, P < 0.001 for leaf chewers; Z = 39.65, P < 0.001 for sap feeders).
10
Regarding arthropod predators, ant density was significantly higher in the 11 early season but was lower in the late season on the aphid-exposed plants than on the (Table 1) . There was no significant difference in the 4 foliar water content between the aphid treatments. The aphid-exposed plants had about 5 three times more leaves in the late season, compared to the aphid-free plants. Most of 6 the increase of leaves in aphid-exposed plants was due to secondary growth in response 7 to the early aphid colonization. These results suggest that the aphid colonization not 8 only enhanced the production of lateral shoots and leaves, but also improved the quality 9 of leaves that emerged in the late season. showed that ants had a negative impact on other herbivores on the aphid-exposed plants, 23 because the ants frequently removed herbivorous insects. In particular, the aphid 24 presence decreased the dominant sap feeder, N. cincticeps, and the dominant leaf Ando et al. 15 structure. 
12
The aphid presence also significantly increased predator abundance due to an 13 increase in aphid-tending ants, although spiders and other predators were unaffected. On 14 the other hand, predator species richness was marginally lower on the aphid-exposed showing that species richness of generalist predators was two times greater when aphids 19 and associated ants were absent than when they were present. Hence, the community 20 composition of predators differed significantly depending on whether the aphids were 21 present or absent. insects. However, the early-season aphid infestation did not affect the abundance of 7 spiders or other predators. Also, predator species richness was lower on the 8 aphid-exposed plants with low density of ants attending scale insects relative to the 9 aphid-free plants. As a result, the community composition of predators on the 10 aphid-exposed plants with early-season aphid infestation differed significantly from that 11 on the aphid-free plants. (Way & Cammell, 1970; Waltz & Whitham, 1997; 19 Petersen & Sandström, 2001), which may alter the structure of herbivore communities.
20
Our study highlighted that plant-mediated indirect effects of the aphid colonization 21 significantly influenced the community structure of temporally separated herbivorous 22 insects via alteration of not only food quality and quantity, but also the strength of interactions (Howarth, 1991; Callaway et al., 1999; Louda & Arnett, 2000) . In this 14 Data from the aphid-exposed plants do not include U. nigrotuberculatum. 
